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Background Peripheral artery disease (PAD) and lower physical activity have been related to each 
other and increase mortality individually. Yet, their joint prognostic impact has not been 
systematically examined, especially in Hispanics and with objective measurements on physical 
activity.  
 
Methods We studied 7,330 Hispanic adults aged 45-74 years at baseline (2008-2011) who 
adhered to physical activity assessment with accelerometry, Actical. To assess total physical 
activity level, we divided daily accelerometry counts by wear time and calculated the average 
across adherent days. For intensity, we used average daily physical activity time spent in 
sedentary, light, and moderate or vigorous levels. Sedentary time was standardized according to 
wear time. We quantified independent and joint associations of ankle-brachial index (ABI) 
categories (≤0.9 [PAD], 0.9-1.4 [reference], and ≥1.4 [possible PAD with uncompressible arteries]) 
and tertiles of physical activity measures (i.e., sedentary time, light activity, moderate/vigorous 
activity, and total physical activity level) with mortality using multivariable Cox models 
accounting for sampling weights. 
 
Results ABI values and each physical activity variable were weakly correlated (|r|<0.06). During 
a median follow-up of 7.1 years, 314 participants died. PAD and all physical activity measures  
 
iii 
were independently associated with increased risk of mortality. When cross-categories of ABI 
and physical activity were assessed, they demonstrated joint associations (e.g., hazard ratio 5.87 
[95%CI 3.53-9.77] in abnormal ABI [≤0.9 or >1.4] plus the lowest tertile of light physical activity; 
hazard ratio ~2 in the category of either abnormal ABI or the lowest light physical activity vs. 
normal ABI plus higher light physical activity), with no significant interactions. Largely similar 
results were seen in subgroups by age, gender, and Hispanic origins. 
 
Conclusions Abnormal ABI and lower objectively-measured physical activity were independently 
and jointly associated with mortality risk. Our results suggest the importance of simultaneously 
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Table 1. Baseline Characteristics of Participants by ABI Categories or Tertiles of Sedentary Time, Weighted for Sampling 
 Ankle-Brachial Index Sedentary Time 
Characteristic  ABI≤0.9 0.9<ABI≤1.4 ABI>1.4 Tertile 1 (Most Active) Tertile 2 
Tertile 3  
(Least Active) 
Total participants, No. (unweighted) 345 6823 162 2444 2443 2443 
Age, y 61.0 (0.65) 56.3 (0.17) 61.5 (0.98) 53.7 (0.23) 56.3 (0.26) 59.6 (0.26) 
Male, % 34.4 (3.3) 45.1 (0.8) 70.8 (5.4) 52.0 (1.5) 40.8 (1.4) 43.5 (1.3) 
Hispanic/Latino background, %      
Mexican 20.1 (3.6) 33.6 (1.8) 29.6 (5.4) 40.6 (2.1) 35.7 (2.2) 23.3 (1.9) 
Puerto-Rican 17.2 (2.5) 18.0 (1.1) 20.6 (3.7) 15.3 (1.6) 17.2 (1.4) 21.2 (1.4) 
Cuban 43.4 (4.1) 24.8 (2.1) 31.8 (5.7) 23.2 (2.2) 26.6 (2.4) 27.9 (2.3) 
Others/mixed 19.3 (2.4) 23.6 (1.2) 17.9 (3.5) 21.0 (1.4) 20.6 (1.3) 27.7 (1.6) 
Education status, %      
Less than high school 47.7 (3.7) 39.5 (1.0) 39.3 (5.6) 38.9 (1.7) 38.0 (1.6) 42.8 (1.6) 
High school or equivalent 17.5 (3.3) 20.8 (0.7) 21.8 (4.4) 22.1 (1.1) 20.1 (1.2) 19.9 (1.1) 
Greater than high school 34.8 (3.4) 39.7 (1.0) 38.8 (5.6) 39.1 (1.7) 42.0 (1.6) 37.3 (1.6) 
Acculturation scorea 1.7 (0.10) 1.8 (0.04) 1.8 (0.13) 1.8 (0.06) 1.8 (0.06) 1.8 (0.05) 
BMI (kg/m2)      
BMI<25 25.5 (3.6) 16.8 (0.7) 17.0 (3.8) 20.1 (1.3) 17.4 (1.1) 14.6 (0.9) 
25≤BMI<30 33.8 (3.2) 41.6 (0.9) 25.5 (4.9) 42.4 (1.5) 41.4 (1.3) 38.6 (1.6) 
BMI≥30 40.7 (3.2) 41.6 (0.9) 57.5 (5.2) 37.5 (1.6) 41.2 (1.3) 46.8 (1.5) 
Smoking status, %      
Never smoker 41.2 (3.7) 55.6 (1.0) 64.5 (5.4) 53.0 (1.7) 53.9 (1.6) 58.1 (1.5) 
Former smoker 25.7 (3.0) 25.7 (0.9) 29.3 (5.4) 24.8 (1.5) 27.1 (1.6) 25.5 (1.3) 
Current smoker 33.2 (3.6) 18.7 (0.8) 6.2 (1.8) 22.2 (1.4) 19.1 (1.2) 16.4 (1.1) 
Diabetes, % 44.2 (3.7) 26.8 (0.9) 46.8 (5.7) 22.7 (1.4) 24.1 (1.3) 37.0 (1.4) 
Systolic blood pressure, mmHg 137.3 (1.43) 128.3 (0.34) 136.1 (2.10) 127.3 (0.49) 128.5 (0.55) 131.0 (0.58) 
Use of anti-hypertensive 
medications, % 41.5 (3.6) 25.4 (0.8) 47.1 (5.9) 19.9 (1.2) 24.5 (1.3) 35.1 (1.5) 
Total cholesterol, mg/dL 214.4 (3.26) 208.8 (0.85) 201.2 (4.85) 208.6 (1.34) 211.0 (1.62) 207.1 (1.14) 
HDL-cholesterol, mg/dL 49.6 (0.93) 49.8 (0.24) 49.0 (1.21) 50.2 (0.51) 50.2 (0.39) 48.9 (0.36) 











Accelerometer wear time, hours/d 15.7 (0.26) 15.8 (0.08) 16.4 (0.41) 15.9 (0.10) 15.4 (0.09) 16.2 (0.12) 






















Moderate or vigorous physical 













Total physical activity level, 
counts/min/d 108.4 (5.65) 155.9 (2.53) 132.2 (10.60) 256.7 (5.84) 137.7 (2.00) 76.2 (1.41) 
Values for continuous variables are given as mean (SE) or median [IQI]; values for categorical variables are given as percentage (SE). 
Abbreviations: ABI, ankle-brachial index; BMI, body mass index; HDL, high-density lipoprotein; IQI, interquartile interval; SE, standard 
error.  
 
aThe acculturation score was derived from the self-reported language spoken at home, nativity, and years of residence in the US, 






Table 2. Adjusted Hazard Ratios (95% CI) of Mortality by ABI Categories or Physical Activity Variables 
Exposures ABI Categories or Tertiles of Physical Activity Variables 
ABI Categories ABI≤0.9 (PAD) 0.9<ABI≤1.4 ABI>1.4 
No. of deaths/N (unweighted) 39/345 250/6823 25/162 
Adjusted Hazard Ratios (95% CI)a,b 2.36 (1.46-3.81) 1.00 (Reference) 3.39 (1.84-6.25) 
 
Physical Activity Variablesc 1st Tertile 2nd Tertile 3rd Tertile 
Sedentary Timed 
Range, hours/d -5.4 – 11.6 11.6 – 12.9 12.9 – 17.0 
No. of deaths/N 52/2444 90/2443 172/2443 
Adjusted Hazard Ratios (95% CI)a 1.00 (Reference) 1.32 (0.81-2.17) 2.50 (1.54-4.07) 
Light Physical Activity Time 
Range, hours/d 0.19 – 2.9 2.9 – 4.2 4.2 – 22.1 
No. of deaths/N 172/2444 87/2443 55/2443 
Adjusted Hazard Ratios (95% CI)a 2.67 (1.66-4.29) 1.22 (0.72-2.07) 1.00 (Reference) 
Moderate/Vigorous Physical Activity Time 
Range, mins/d 0 – 6.3 6.4 – 20 20 – 643.5 
No. of deaths/N 138/2447 82/2454 94/2429 
Adjusted Hazard Ratios (95% CI)a 1.57 (1.03-2.41) 0.86 (0.55-1.36) 1.00 (Reference) 
Total Physical Activity Level 
Range, counts/min/d 6.8 – 97.0 97.1 – 162.7 162.8 – 3273.9 
No. of deaths/N 154/2444 82/2443 78/2443 
Adjusted Hazard Ratios (95% CI)a 2.07 (1.30-3.29) 1.37 (0.86-2.19) 1.00 (Reference) 
Abbreviations: ABI, ankle-brachial index; CI, confidence interval; PAD, peripheral artery disease. 
a Covariates included age, gender, Hispanic/Latino background, education, acculturation score, smoking status, 
BMI, total and HDL cholesterols, diabetes, systolic blood pressure, anti-hypertensive use.  
b Hazard ratios of ABI were further adjusted for standardized sedentary time and total physical activity level. 
c Hazard ratios of each physical activity variable were further adjusted for wear time (except sedentary time).  





Table 3. Adjusted Hazard Ratios (95% CI) of Mortality by Cross-Categories of ABI and Physical Activity 
ABI Categories 
Physical Activity Variables 
Sedentary Time Overalla 
1st and 2nd Tertiles 3rd Tertile  
0.9<ABI≤1.4  1.00 (Reference)  1.78 (1.20-2.63) 1.00 (Reference) 
ABI≤0.9 (PAD) or ABI>1.4 2.11 (1.09-4.06) 5.40 (3.31-8.79) 2.72 (1.85-4.00) 
Overalla 1.00 (Reference) 2.11 (1.49-2.98) P-for-interaction = 0.74 
 Light Physical Activity Timeb Overalla,b 
 1st Tertile 2nd and 3rd Tertiles  
0.9<ABI≤1.4 2.03 (1.40-2.95) 1.00 (Reference) 1.00 (Reference) 
ABI≤0.9 (PAD) or ABI>1.4 5.87 (3.53-9.77)  2.13 (1.11-4.09) 2.68 (1.81-3.98) 
Overalla,b 2.38 (1.71-3.31) 1.00 (Reference) P-for-interaction = 0.29 
 Moderate/Vigorous Physical Activity Timeb Overalla,b 
 1st Tertile 2nd and 3rd Tertiles  
0.9<ABI≤1.4 1.34 (0.89-2.03) 1.00 (Reference) 1.00 (Reference) 
ABI≤0.9 (PAD) or ABI>1.4 4.59 (2.74-7.69)  1.82 (0.99-3.36) 2.91 (1.96-4.32) 
Overalla,b 1.70 (1.20-2.43) 1.00 (Reference) P-for-interaction = 0.14 
 Total Physical Activity Levelb Overalla,b 
 1st Tertile 2nd and 3rd Tertiles  
0.9<ABI≤1.4 1.35 (0.90-2.03) 1.00 (Reference) 1.00 (Reference) 
ABI≤0.9 (PAD) or ABI>1.4 4.68 (2.81-7.78)  1.70 (0.86-3.36) 2.85 (1.92-4.22) 
Overalla,b 1.72 (1.22-2.43) 1.00 (Reference) P-for-interaction = 0.41 
Abbreviations: ABI, ankle-brachial index; CI, confidence interval; PAD, peripheral artery disease. 
Covariates included age, gender, Hispanic/Latino background, education, acculturation score, smoking status, BMI, 
total and HDL cholesterols, diabetes, systolic blood pressure, anti-hypertensive use and moderate or vigorous 
physical activity time. 
 
a ABI values and each physical activity variable were mutually adjusted. 






Web Table 1. Baseline Characteristics by Tertiles of Light Physical Activity, Weighted for Sampling  
 Light Physical Activity Time 
Characteristic  Tertile 1  (Least Active) Tertile 2 
Tertile 3  
(Most Active) 
Total participants, No. (unweighted) 2444 2443 2443 
Age, y 59.5 (0.27) 56.1 (0.27) 53.8 (0.22) 
Male, % 43.7 (1.4) 40.4 (1.5) 52.1 (1.4) 
Hispanic/Latino background, %    
Mexican 27.5 (2.0) 32.5 (2.2) 39.4 (2.1) 
Puerto-Rican 17.9 (1.4) 18.9 (1.3) 17.2 (1.6) 
Cuban 31.2 (2.4) 24.7 (2.3) 21.0 (2.1) 
Others/mixed 23.4 (1.4) 23.9 (1.5) 22.3 (1.4) 
Education status, %    
Less than high school 41.7 (1.6) 37.8 (1.5) 40.2 (1.7) 
High school or equivalent 19.6 (1.1) 20.5 (1.2) 22.1 (1.2) 
Greater than high school 38.7 (1.5) 41.8 (1.6) 37.7 (1.7) 
Acculturation scorea 1.7 (0.05) 1.9 (0.05) 1.9 (0.05) 
BMI (kg/m2), %    
BMI<25 15.4 (1.0) 17.4 (1.1) 19.3 (1.3) 
25≤BMI<30 38.5 (1.5) 42.0 (1.4) 42.0 (1.5) 
BMI≥30 46.1 (1.5) 40.6 (1.4) 38.7 (1.6) 
Smoking status, %    
Never smoker 57.2 (1.6) 54.9 (1.5) 52.9 (1.8) 
Former smoker 25.6 (1.3) 26.4 (1.5) 25.4 (1.7) 
Current smoker 17.2 (1.1) 18.8 (1.2) 21.7 (1.4) 
Diabetes, % 35.9 (1.5) 24.7 (1.3) 22.9 (1.4) 
Systolic blood pressure, mmHg 130.6 (0.65) 128.4 (0.53) 127.7 (0.51) 
Use of anti-hypertensive 
medications, % 35.3 (1.5) 22.9 (1.3) 20.7 (1.2) 
Total cholesterol, mg/dL 207.7 (1.31) 211.8 (1.52) 207.4 (1.31) 
HDL-cholesterol, mg/dL 48.7 (0.37) 50.7 (0.40) 50.0 (0.47) 
ABI 1.07 (0.006) 1.07 (0.005) 1.08 (0.004) 


















Moderate or vigorous physical 















Values for continuous variables are given as mean (SE) or median [IQI]; values for categorical variables are given 
as percentage (SE). 
Abbreviations: ABI, ankle-brachial index; BMI, body mass index; HDL, high-density lipoprotein; IQI, interquartile 






Web Table 2. Baseline Characteristics by Tertiles of Moderate/Vigorous Physical Activity, Weighted 
 Moderate/Vigorous Physical Activity Time 
Characteristic  Tertile 1 (Least Active) Tertile 2 Tertile 3 (Most Active) 
Total participants, No. (unweighted) 2447 2454 2429 
Age, y 59.4 (0.29) 55.6 (0.28) 54.6 (0.23) 
Male, % 32.5 (1.3) 45.7 (1.5) 59.0 (1.5) 
Hispanic/Latino background, %    
Mexican 29.1 (2.3) 35.4 (2.1) 34.4 (2.0) 
Puerto-Rican 15.6 (1.3) 16.2 (1.3) 22.5 (1.6) 
Cuban 37.5 (2.7) 23.7 (2.3) 15.3 (1.7) 
Others/mixed 17.8 (1.1) 24.7 (1.6) 27.9 (1.6) 
Education status, %    
Less than high school 42.1 (1.6) 37.3 (1.6) 40.1 (1.7) 
High school or equivalent 19.2 (1.3) 22.1 (1.2) 20.8 (1.1) 
Greater than high school 38.6 (1.5) 40.6 (1.7) 39.1 (1.6) 
Acculturation scorea 1.7 (0.06) 1.8 (0.06) 2.0 (0.04) 
BMI (kg/m2), %    
BMI<25 14.0 (1.0) 15.5 (1.0) 22.5 (1.3) 
25≤BMI<30 35.6 (1.4) 43.2 (1.5) 44.1 (1.6) 
BMI≥30 50.3 (1.5) 41.2 (1.4) 33.5 (1.5) 
Smoking status, %    
Never smoker 53.7 (1.6) 56.0 (1.6) 55.9 (1.4) 
Former smoker 27.3 (1.3) 25.3 (1.5) 24.6 (1.2) 
Current smoker 19.0 (1.2) 18.7 (1.2) 19.6 (1.3) 
Diabetes, % 36.3 (1.5) 26.3 (1.2) 21.2 (1.2) 
Systolic blood pressure, mmHg 131.2 (0.59) 127.7 (0.52) 127.9 (0.53) 
Use of anti-hypertensive 
medications, % 33.3 (1.5) 27.4 (1.2) 19.1 (1.0) 
Total cholesterol, mg/dL 211.2 (1.24) 210.2 (1.26) 205.0 (1.36) 
HDL-cholesterol, mg/dL 49.3 (0.39) 49.6 (0.40) 50.4 (0.38) 
ABI 1.05 (0.006) 1.07 (0.004) 1.09 (0.004) 















Moderate or vigorous physical 















Values for continuous variables are given as mean (SE) or median [IQI]; values for categorical variables are given 
as percentage (SE). Abbreviations: ABI, ankle-brachial index; BMI, body mass index; HDL, high-density 







Web Table 3. Baseline Characteristics by Tertiles of Total Physical Activity Level, Weighted 
 Total Physical Activity Level 
Characteristic  Tertile 1 (Least Active) Tertile 2 Tertile 3 (Most Active) 
Total participants, No. (unweighted) 2444 2443 2443 
Age, y 59.8 (0.28) 56.0 (0.26) 53.9 (0.24) 
Male, % 34.9 (1.3) 41.7 (1.5) 59.9 (1.6) 
Hispanic/Latino background, %    
Mexican 25.3 (2.1) 33.0 (2.1) 40.7 (2.1) 
Puerto-Rican 19.4 (1.4) 16.1 (1.2) 18.3 (1.6) 
Cuban 32.2 (2.5) 26.4 (2.5) 18.8 (1.9) 
Others/mixed 23.0 (1.4) 24.5 (1.5) 22.2 (1.4) 
Education status, %    
Less than high school 43.1 (1.6) 39.1 (1.6) 37.4 (1.7) 
High school or equivalent 20.1 (1.2) 20.4 (1.3) 21.5 (1.2) 
Greater than high school 36.8 (1.5) 40.5 (1.5) 41.1 (1.8) 
Acculturation scorea 1.7 (0.05) 1.8 (0.05) 2.0 (0.06) 
BMI (kg/m2), %    
BMI<25 13.5 (0.9) 17.7 (1.1) 21.0 (1.3) 
25≤BMI<30 36.8 (1.5) 42.3 (1.4) 43.5 (1.5) 
BMI≥30 49.8 (1.5) 40.0 (1.3) 35.6 (1.5) 
Smoking status, %    
Never smoker 56.0 (1.6) 55.9 (1.6) 53.4 (1.6) 
Former smoker 26.4 (1.3) 25.1 (1.4) 25.8 (1.3) 
Current smoker 17.6 (1.2) 19.0 (1.1) 20.8 (1.4) 
Diabetes, % 38.2 (1.5) 25.1 (1.3) 20.6 (1.2) 
Systolic blood pressure, mmHg 131.6 (0.60) 128.0 (0.56) 127.2 (0.53) 
Use of anti-hypertensive 
medications, % 
36.2 (1.5) 24.6 (1.3) 18.8 (1.1) 
Total cholesterol, mg/dL 208.5 (1.20) 212.3 (1.36) 205.9 (1.35) 
HDL-cholesterol, mg/dL 49.3 (0.39) 49.9 (0.39) 50.1 (0.45) 
ABI 1.06 (0.006) 1.07 (0.004) 1.09 (0.004) 


















Moderate or vigorous physical 















Values for continuous variables are given as mean (SE) or median [IQI]; values for categorical variables are given 
as percentage (SE). Abbreviations: ABI, ankle-brachial index; BMI, body mass index; HDL, high-density 






Web Table 4. Pearson Correlation Between Ankle Brachial Index and Physical Activity Variables 
Physical Activity Variables Ankle Brachial Index 
Sedentary time r=0.03 
Light Physical Activity time r=0.04 
Moderate/vigorous physical activity time r=0.06 
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Figure 1. Kaplan-Meier Estimates of Mortality by ABI Categories, Weighted for Sampling Design 
 





Figure 2. Kaplan-Meier Estimates of Mortality by Tertiles of Physical Activity Variables, Weighted  
Figure 2A. Sedentary Time Figure 2B. Light Physical Activity Time 
  
Figure 2C. Moderate/Vigorous Physical Activity Time Figure 2D. Total Physical Activity Level 
  







Figure 3. Survival Estimates of Mortality by Cross-Categories of ABI and Physical Activity, Weighted 
Figure 3A. Sedentary Time Figure 3B. Light Physical Activity Time 
  
Figure 3C. Moderate/Vigorous Physical Activity Time Figure 3D. Total Physical Activity Level 
  





Web Figure 1. Adjusted Hazard Ratios (95%CI) of Mortality by Cross-Categories of ABI and Sedentary 
Time across Demographic Subgroups 
 
Abbreviations: ABI, ankle-brachial index; CI, confidence interval.  
 
The reference group was defined as individuals with referent ABI and less sedentary. Referent ABI was defined 
as >0.9 & ≤1.4 and abnormal ABI was defined as ≤0.9 or >1.4. Less sedentary included 1st and 2nd tertiles of 
sedentary time, whereas more sedentary included 3rd tertile. Hazard ratios were adjusted for age, gender, 
Hispanic/Latino background, education, acculturation score, smoking status, BMI, total and HDL cholesterols, 





Web Figure 2. Adjusted Hazard Ratios (95%CI) of Mortality by Cross-Categories of ABI and Light 
Physical Activity Time across Demographic Subgroups 
 
Abbreviations: ABI, ankle-brachial index; CI, confidence interval.  
 
The reference group was defined as individuals with referent ABI and more light physical activity. Referent ABI 
was defined as >0.9 & ≤1.4 and abnormal ABI was defined as ≤0.9 or >1.4. More light physical activity included 
2nd and 3rd tertiles of light physical activity, whereas less light physical activity included 1st tertile. Hazard ratios 
were adjusted for age, gender, Hispanic/Latino background, education, acculturation score, smoking status, 





Web Figure 3. Adjusted Hazard Ratios (95%CI) of Mortality by Cross-Categories of ABI and 
Moderate/Vigorous Physical Activity Time across Demographic Subgroups 
 
Abbreviations: ABI, ankle-brachial index; CI, confidence interval.  
 
The reference group was defined as individuals with referent ABI and more moderate/vigorous physical activity. 
Referent ABI was defined as >0.9 & ≤1.4 and abnormal ABI was defined as ≤0.9 or >1.4. More 
moderate/vigorous physical activity included 2nd and 3rd tertiles of moderate/vigorous physical activity, whereas 
less moderate/vigorous physical activity included 1st tertile. Hazard ratios were adjusted for age, gender, 
Hispanic/Latino background, education, acculturation score, smoking status, BMI, total and HDL cholesterols, 






Web Figure 4. Adjusted Hazard Ratios (95%CI) of Mortality by Cross-Categories of ABI and Total 
Physical Activity Level across Demographic Subgroups 
 
Abbreviations: ABI, ankle-brachial index; CI, confidence interval.  
 
The reference group was defined as individuals with referent ABI and higher total physical activity level. 
Referent ABI was defined as >0.9 & ≤1.4 and abnormal ABI was defined as ≤0.9 or >1.4. Higher physical activity 
level included 2nd and 3rd tertiles of total , whereas lower total physical activity level included 1st tertile. Hazard 
ratios were adjusted for age, gender, Hispanic/Latino background, education, acculturation score, smoking 





Lower-extremity peripheral artery disease (PAD) affects approximately 8.5 million adults in the 
US1 and increases the risk of mortality mainly due to cardiovascular disease.2,3 Thus, the American 
Heart Association (AHA) and the American College of Cardiology (ACC) 2016 PAD Guideline 
recommends screening PAD using the ankle brachial index (ABI) among asymptomatic individuals 
at high risk of PAD (e.g., older adults and middle age adults with PAD risk factors).4 Moreover, 
the AHA/ACC 2018 Lipid Guideline recognizes low ABI (≤0.9) as a risk enhancer to guide decision 
making of lipid lowering therapy.5  
 
Reduced physical activity is another important manifestation of PAD and may partially contribute 
to elevated mortality in PAD.6-11 However, actually, to our best knowledge, only two small studies 
(n<500) reported lower physical activity predicting poor prognosis in PAD pateints.6,7 Moreover, 
the larger study only investigated PAD patients with intermittent claudication, a small subgroup 
of PAD, and relied on self-reported physical activity.6 Compared to self-report, prior studies have 
shown that objective measurements appeared to capture physical activity more 
comprehensively and reflect stronger associations with clinical outcomes.12,13 The other smaller 
study used accelerometry-based physical activity but could only investigate 225 patients.7 As a 
consequence, the AHA/ACC 2016 PAD Guideline describes the potential value of physical activity 
tracking in PAD patients merely for motivating behavioral changes but not for prognostication. 
 
2 
Also, these two studies only investigated PAD patients and thus were unable to quantify the joint 
prognostic value of PAD and physical activity. In addition, neither of both studies reported data 
specific to Hispanics, an ethnic group with high prevalence of two major risk factors of PAD, 
smoking and diabetes.14  
 
To overcome these knowledge gaps, we quantified the independent and joint association of 
ankle-brachial index (ABI), a first-line diagnostic indicator of PAD, and physical activity, 
objectively measured via accelerometry, with all-cause mortality over 10 years of follow-up using 








The HCHS/SOL is a community-based prospective cohort study of 16,415 self-identified 
Hispanic/Latino adults aged 18-74 years old living in four US communities (Bronx, New York; 
Chicago, Illinois; Miami, Florida; San Diego, California) at baseline (2008-2011). Details of the 
cohort design and sampling methods have been published previously.15,16 Briefly, participants 
were recruited using a stratified 2-stage probability sampling design.15 Census block groups were 
first randomly selected in each of the four communities, and households were randomly selected 
in each sample block group. The HCHS/SOL included participants with Cuban, Dominican, 
Mexican, Puerto Rican, Central American, and South American origins.  
 
At baseline, 9,705 participants aged 45-74 were eligible for the assessment of ABI. Of these, we 
excluded participants with missing ABI values (n=65), non-adherent to wearing accelerometers 
(n=1,746), missing covariates of interest (n=290), and missing both mortality and hospitalization 
data (n=166), leaving the final sample size of 7,330 for the current analysis. The study was 
approved by the institutional review board of each participating institution; all study participants 




Assessment of ABI 
 
After at least 5 minutes of rest, systolic blood pressures of bilateral brachial, posterior tibial, and 
dorsalis pedis arteries were measured in supine position using appropriate cuff sizes and a hand-
held Doppler probe (Nicolet Elite 100R; Nicolet Biomedical Inc, Golden, CO). The ABI in each leg 
was calculated using the higher of the posterior tibial or dorsalis pedis blood pressure in each leg 
divided by the higher of left or right brachial pressure. In general, the lower ABI was used in 
analyses. When the higher ABI was greater than 1.4 and lower ABI was between 0.9 and 1.4, we 
used the higher ABI value for the analysis since high ABI is often indicative of arterial non-
compressibility and can be prognostic.3  
Assessment of Physical Activity 
 
At the baseline clinic examination, all participants were asked to wear an omnidirectional 
accelerometer (Actical, model 198-0200-03; Respironics Co. Inc., Bend, OR) on the iliac crest for 
7 consecutive days, except when swimming, bathing, and sleeping. The accelerometer was 
programed to capture accelerations in counts in 1-minute epoch at a sampling rate of 32 Hz. 
Previously validated counts/min thresholds were used to classify physical activity intensity levels: 
sedentary, <100 counts/min; light, 100–1,534 counts/min; moderate, 1,535–3,961 counts/min; 
and vigorous, ≥3,962 counts/min.17,18 Nonwear time was defined as at least 90 minutes of zero 
counts, allowing for 1 or 2 mins of nonzero counts if no counts were detected in a 30-minute 
upstream window and a 90-minute downstream window, using the Choi algorithm.19 Adherence 




To assess physical activity volume, we calculated total physical activity level (counts/min/d) by 
dividing total accelerometry counts by wear time in minutes in each day and taking average 
across the adherent days. For intensity, we used variables that accounted for duration of physical 
activities in sedentary, light, and moderate or vigorous levels. Sedentary time (hours/d) was 
determined by summing the daily wear time within the specified acceleration count range (<100 
counts/min) and then averaging across all adherent days. To investigate the association of 
sedentary time  independent of wear time when they were highly correlated (r=0.80), we 
standardized sedentary time by calculating the residuals from the regression of wear time on 
sedentary time, then adding the expected mean sedentary time of the study population.20,21 After 
standardization, sedentary time was no longer correlated to wear time (r<0.001). Average light 
and moderate/vigorous physical activity time in mins/d were also calculated, which were not 
strongly correlated with wear time (r<0.06).   
Covariates 
 
Age, gender, Hispanic/Latino background (Mexican, Puerto-Rican, Cuban, or others/mixed), 
education (less than high school, high school or equivalent, greater than high school), 
acculturation, smoking status (never, former, or current), medical history, and use of medications 
(e.g., anti-hypertensive and anti-diabetic) were based on self-report. As done previously in a 
multi-ethnic cohort,22 the acculturation score was derived by summing a sociocultural subscore 
based on the language spoken at home and a subscore indicating nativity and years of residence 
in the US, which ranges from 0 (lowest) to 5 (highest). Body mass index (BMI) was calculated 
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using weight in kilograms divided by height in meters squared (kg/m2). Sitting blood pressure was 
calculated by averaging the second and third readings using an automatic sphygmomanometer. 
Total cholesterol was measured in serum using a cholesterol oxidase enzymatic technique, and 
high-density lipoprotein (HDL) cholesterol was measured by a direct magnesium/dextran sulfate 
method (Roche Diagnostics, Indianapolis, IN).23 Glucose was measured in 
ethylenediaminetetraacetic acid (EDTA) plasma using a hexokinase enzymatic method (Roche 
Diagnostics, Indianapolis, IN) and hemoglobin A1C was measured in EDTA whole blood using a 
Tosoh G7 Automated HPLC Analyzer (Tosoh Bioscience, Inc, South San Francisco, CA).23 The 
history of diabetes was defined by fasting glucose ≥126 mg/dL, non-fasting glucose ≥200 mg/dL, 




The outcome of interest was all-cause mortality, identified by annual follow up interviews, review 
of vital statistics lists and obituaries of each state, and periodic linkage to the National Death 
Index. Participants were followed until December 2018, date of death or loss to follow-up, 
whichever came first. 
Statistical Analysis 
 
All statistical analyses were performed incorporating the survey weights to account for the 2-
stage probability sampling design. ABI was grouped into following 3 categories: ABI ≤ 0.9 
(indicative of PAD),24 ABI>0.9 and ≤1.4 (reference), and ABI >1.4 (indicative of arterial non-
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compressibility or potential PAD).25 The category of ABI>0.9 and ≤1.4 was used as reference.26,27 
Physical activity measurements were also categorized into three groups according to tertiles. The 
empirically healthiest category of each physical activity was used as reference (i.e., the lowest 
tertile for sedentary time and the highest tertile for physical activity). Baseline characteristics 
were summarized by ABI categories and tertiles of sedentary time as mean (standard error, SE) 
or median [interquartile interval, IQI] for continuous variables and percentage (SE) for categorical 
variables. We also explored baseline characteristics across tertiles of the other physical activity 
measures. 
 
For survival analysis, we first estimated survival by categories of ABI and each physical activity 
variable (sedentary time, light physical activity time, moderate/vigorous physical activity time, 
and total physical activity level) using the Kaplan-Meier method. Then, we used Cox proportional 
hazards models to examine the independent associations of ABI and each physical activity 
variable with all-cause mortality. We adjusted for the following potential confounders: age, 
gender, Hispanic/Latino background, education, acculturation score, smoking status, BMI, total 
and HDL cholesterols, diabetes, systolic blood pressure, and anti-hypertensive use. For analysis 
of ABI, we further adjusted for standardized sedentary time and total physical activity level. For 
analysis of each physical activity variable, we adjusted for ABI as well as wear time (except for 
sedentary time already standardized for wear time as noted above).  
 
In addition, to assess joint association of ABI and physical activity, we ran Cox models with cross-
categories of ABI and each physical activity variable. To obtain reliable estimates in this analysis, 
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instead of modeling nine cross-categories, we created four categories based on two categories 
of ABI (merging ≤0.9 and >1.4 as abnormal ABI vs. >0.9 & ≤1.4 [reference]27) and two categories 
of physical activity (merging two tertiles vs. the remaining tertile) according to their associations 
with mortality, as shown subsequently. Statistical interaction between ABI and physical activity 
was evaluated with the likelihood ratio test.  
 
We conducted sensitivity analyses to evaluate the robustness of our findings. We repeated our 
analyses in demographic subgroups of age (≥45&<55 vs. ≥55&<65 vs. ≥65 years), gender (male 
vs. female), and Hispanic/Latino background (Mexican vs. Puerto-Rican vs. Cuban vs. Others). 
Again, interactions were tested by the likelihood ratio test. All analyses were performed using 









Baseline characteristics  
 
In 7,330 participants at baseline, the mean age was 56.7 years old and 45.2% were men. Of their 
Hispanic/Latino background, 32.8% were Mexican, 18.0% were Puerto-Rican, 26.0% were Cuban, 
and the remaining 23.2% reported Dominican, Central or South American, or other/mixed origins. 
The average ABI was 1.07 (0.003 [standard error, SE]); 5.2% (n=345) and 2.8% (n=162) had ABI 
≤0.9 and >1.4, respectively. The average accelerometer wear time was 15.8 (0.08) hours/d 
(median 15.5 [IQI 13.6-18.5] hours/d). The average total physical activity level was 152.8 (2.41) 
counts/min/d (median 126.1 [IQI 83.1-187.5] counts/min/d). In terms of physical activity 
intensity, the average sedentary time was 11.9 (0.07) hours/d (median 11.8 [IQI 9.83-14.4] 
hours/d) and the participants on average spent 3.6 (0.03) hours/d (median 3.5 [IQI 2.6-4.6] 
hours/d) in light physical activity and 19.6 (0.55) mins/d (median 11.8 [IQI 4.3-26.0] mins/d) in 
moderate or vigorous physical activity.  
 
As compared with the referent ABI (>0.9 & ≤1.4), individuals with low (≤0.9) or high ABI (>1.4) 
were likely to be older, diabetic, and have higher blood pressure, and engage less in physical 
activity (Table 1). The prevalence of current smoking was highest in low ABI, followed by referent 
ABI and high ABI. When we compared baseline characteristics across tertiles of sedentary time, 
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longer sedentary time was associated with higher risk factor profile (e.g., older age, higher BMI, 
higher blood pressure, and higher prevalence of diabetes). However, the prevalence of current 
smoking was lowest in the top tertile of sedentary time. Similarly, a higher risk factor profile was 
observed with lower activity across the other physical activity measures (Web Table 1-3). ABI 
values were weakly correlated to each physical activity variable (|r|<0.06) (Web Table 4). 
Independent associations of ABI and physical activity with mortality  
 
During a median follow up of 7.1 years of follow-up (IQI, 7.0-7.3 and maximum 10.1 years), 314 
participants died (5.4% of the weighted study population). When we compared survival among 
ABI categories, ABI≤0.9 and ABI>1.4 showed a similar pattern up to ~3 years but then ABI>1.4 
demonstrated worse prognosis than ABI≤0.9 (7-year survival 79.3% and 83.9%, respectively) 
(Figure 1). The referent ABI had the best prognosis, with 7-year survival of 95.9%. For physical 
activity, all measures largely demonstrated similar patterns (Figure 2A-2D), with the poorest 
prognosis (7-year survival 91-93%) in the least active group (i.e., the highest tertile of sedentary 
time and the lowest tertile of the other activity measures) and largely similar survival (7-year 
survival 95-97%) in the remaining two groups.  
 
After adjusting for each other, potential confounders, and wear time, the associations of ABI and 
physical activity measures with mortality remained largely consistent (Table 2). For ABI 
categories, the highest hazard ratio (HR) was seen in ABI >1.4 (3.39 [95% CI, 1.84-6.25]), followed 
by ≤0.9 (2.36 [1.46-3.81]). For physical activity variables, in general, there was a dose-response 
relationship, but the significant association with mortality was restricted to the least active tertile 
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(e.g., HR=2.50 [1.54-4.07] for 3rd vs. 1st tertile of sedentary time and 2.67 [1.66-4.29] for 1st vs. 
3rd tertile of light physical activity). The risk gradient was least evident for moderate/vigorous 
activity. 
Joint association of ABI and physical activity with mortality  
 
When we explored cross-categories of ABI and physical activity measures, abnormal ABI plus the 
highest sedentary time had an adjusted HR of 5.40 (95% CI 3.31-8.79) and abnormal ABI plus the 
lowest light physical activity had a similar HR of 5.87 (95% CI 3.53-9.77), when compared to 
referent ABI plus the more physically active category (i.e., 1st and 2nd tertiles of sedentary time 
and 2nd and 3rd tertiles of light physical activity) (Table 3). The categories with only abnormal ABI 
or the highest sedentary time or the lowest light physical activity all showed HRs ~2. Generally, 
similar results were seen for cross-categories of ABI and other two variables (i.e., 
moderate/vigorous physical activity and total physical activity level), although the adjusted HRs 
tended to be smaller than those for cross-categories of ABI and sedentary time/light physical 
activity. No statistically significant interactions between ABI and physical activity measures were 
found (P-for-interactions >0.1).  
 
The joint associations of abnormal ABI and lower physical activity with mortality were largely 
consistent in demographic subgroups by age, gender, and Hispanic/Latino background (Web 
Figures 1-4). In almost all comparisons, the highest mortality was observed in abnormal ABI and 





The survival across the four groups by abnormal ABI and physical activity measures is displayed 
(Figure 3). For example, when we looked at sedentary time, the 7-y survival was worst in 
abnormal ABI plus the least active tertile (74.9%), followed by abnormal ABI alone (91.6%) and 
the least active tertile alone (93.8%), whereas the best survival was seen in referent ABI plus the 







To our knowledge, this is the first study evaluating the independent and joint associations of ABI 
and objectively measured physical activity with all-cause mortality. We also uniquely explored 
Hispanic/Latino adults, with a few traits (e.g., smoking and diabetes) prone to developing PAD 
and reducing physical activity. Our study demonstrated that abnormal ABI (≤0.9 or >1.4) and 
lower physical activity are associated with mortality independently of each other and other 
potential confounders. As a consequence, individual with both abnormal ABI and lowest physical 
activity level conferred ~5 times higher mortality risk compared to those without either of these 
conditions. The joint associations largely remained consistent across age groups, gender, and 
Hispanic/Latino background. When we contrasted different physical activity measures, they 
overall demonstrated similar patterns (the least active tertile having elevated mortality risk and 
the remaining tertile showing similar survival), but the risk gradient appeared most evident for 
sedentary time and light activity.  
 
The observed U-shaped association of ABI with mortality is generally consistent with previous 
studies3,27,28 and likely reflects low ABI as an indicator of PAD and high ABI representing non-
compressible arteries.  Some studies have reported high prevalence of PAD (~85%) in individuals 
with ABI>1.4.29 Of note, high ABI had even slightly worse prognosis than low ABI in our study, 
which highlights the importance of recognizing high ABI as high risk status. For example, the 
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AHA/ACC 2016 PAD Guideline recommends using toe-brachial-index (TBI) to diagnose PAD 
among persons with ABI >1.4.4 Conversely, the AHA/ACC 2018 Lipid Guideline acknowledges low 
ABI, but not high ABI, as a risk enhancer of cardiovascular risk. Whether high ABI is particularly 
prognostic in Hispanics or not would require further investigation.  
 
Regarding physical activity, regardless of activity types, the lowest tertile of physical activity was 
associated with elevated mortality risk, whereas the remaining two tertiles showed similar 
prognosis. Moreover, among all physical activity measures, sedentary time and light physical 
activity appeared to exhibit most evident risk gradient for mortality. These observations seem to 
have important implications in the context of the current Physical Activity Guidelines for 
Americans emphasizing the value of moderate- and vigorous-intensity physical activity for 
health.30 Our results suggest that actually light physical activity, even at minimal level reducing 
sedentary time, is associated with improved prognosis. This seems encouraging for many adults, 
who may not be able to spend 75-150 minutes of moderate- and rigorous-activity a week. Of 
note, the most active tertile in our study population did not reach the guideline-recommended 
daily level of 30 minutes of moderate/vigorous physical activity, which might have limited our 
ability of detecting stronger associations.  
 
Probably the most novel finding of our study is the synergistic contribution of abnormal ABI and 
low physical activity to mortality. Specifically, individuals with both of these conditions had 5-6 
times increased mortality compared to those without either. This finding highlights the potential 
value of simultaneously and objectively evaluating ABI and physical activity. As we acknowledged 
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above, some clinical guidelines already recommend the measurement of ABI in individuals at high 
risk of PAD.4  On the other hand, to our knowledge, the clinical utility of accelerometry-based 
physical activity has not been established yet. In this context, our results suggest that patients 
with PAD may benefit from the objective measurement of physical activity. Of importance, the 
AHA/ACC 2016 PAD Guideline already acknowledges the value of physical activity assessment for 
behavioral changes in the context of exercise therapy and thus the data should be available in 
some patients.4 So, given the greater precision of objectively measured over self-reported 
physical activity data, it seems worth discussing whether accelerometry-based physical activity 
evaluation should be utilized for risk classification in this high-risk clinical populations. 
 
Several limitations of this study should also be acknowledged. First, confirmatory imaging data 
of leg vasculature were not collected in the cohort, thus PAD was only defined using ABI values. 
Second, although the follow-up time was not short, a relatively small number of deaths could 
limit the statistical power to detect a significant interaction between ABI and physical activity. 
Finally, we were unable to assess cause-specific mortality.  
 
In summary, abnormal ABI (≤0.9 and >1.4) and lower objectively measured physical activity were 
independently and jointly associated with increased mortality risk even after controlling for 
potential confounders. Our results suggest the importance of objectively evaluating leg vascular 
health and physical activity. Although the clinical utility of accelerometry-based physical activity 
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Corrie Health, Dr. Seth Martin Baltimore, MD 
Research     03/2020 – Present 
• Tasked to rapidly implement a virtual cardiac rehabilitation program for patients affected 
by COVID-19 through Corrie Health, a mobile health system that aims to improve care 
post myocardial infarction 
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 Baltimore, MD  
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• Conducted survival analysis (Stata Programming) for an observational study that compares 
mortality prognosis among four different atherosclerotic groups using probability sampled 
data (NHANES data)  
• Analyzed population-level data (R Programming) and created series of heat maps that 
highlight global hypertension management and edited patient education videos (Final Cut 
Pro X) for the Resolve initiative 
• Co-hosting a weekly research seminar that introduces emerging technology and service 
tools for clinical research; conducting literature review for international implementation 
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• Drafted and published a narrative review summarizing barriers to providing evidence-based 
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disease and type-2-diabetes 
• Designed, coordinated, and analyzed (REDCap) a qualitative survey study that explored 
knowledge and perceived barriers to prescribing GLP1RA and SGLT2i among 90 clinicians 
across 6 Duke clinics  
• Interviewed leaders from patient organizations (e.g. NORD, FH Foundation) and drafted a 
health policy chapter on how patient advocacy organizations had evolved in their roles of 
catalyzing cardiovascular research 
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cytokine concentrations 
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Y-Prize Invention Competition, University of Pennsylvania Philadelphia, PA 
Co-founder of Metal Light/ Grand Prize Winner 2020 09/2019 – Present 
• Created an affordable and easy-to-use LED light that extracts energy from scrap metal 
surfaces to provide clean light for off-grid communities globally, using technology from an 
electrochemical lab at U Penn  
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• Playing a primary role in overseeing product manufacturing in China, marketing research, 
and partnerships 
 
Food Recovery Network, Purdue University West Lafayette, IN 
Co-founder     10/2015 – 05/2017 
• Co-founded an ongoing campus-wide volunteering program that diverts on average over 
1000 pounds of food waste from two university cafeteria locations to a local homeless 
housing center  
 
Timmy Global Health, Purdue University West Lafayette, IN/Quito, Ecuador 
Medical Brigade Leader/ Media Director 03/2015 – 05/2017 
• Recruited 3 US clinicians and trained 16 student volunteers, and then fundraised/organized 
a medical brigade that provided free primary care to over 550 patients in five underserved 
communities in south Quito 
• Managed a media team of 4 students and created 2 documentaries and 10+ infographics to 
raise the awareness of global health disparities  
 
 
